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Abstract 
7KLVSDSHUFRQVWUXFWVDPL[HGUHJLPHPRGHOIRUGU\EXONIUHLJKWPDUNHW
7KHQLWSHUIRUPVPD[LPXPOLNHOLKRRGHVWLPDWLRQDQGSURYLGHV WKHUHVXOWV
,QWHUDOLD WKHK\SRWKHVLV WKDW WKHUH LVELPRGDOLW\ LQ WKH VXSSO\FXUYHRI
VKLSSLQJIUHLJKWPDUNHWVLVVWURQJO\VXSSRUWHGE\DQDO\]LQJWKHHIIHFWRIWKH
WHUPVWUXFWXUHRIWLPHFKDUWHUUDWHVRQWKHWLPHYDU\LQJYRODWLOLW\
)XUWKHUPRUH WKHDGMXVWPHQW VSHHGRI\HDU WLPHFKDUWHU UDWH LQ ORZ
YRODWLOLW\ UHJLPHLV ODUJHU WKDQ LQKLJKYRODWLOLW\ UHJLPHZKLFKPHDQV WKH
PDUNHWSOD\HUVFRQVLGHUWKHEDFNZDUGDWLRQVKRFNLQORZXQFHUWDLQW\DVPRUH
LPSRUWDQWWKDQLQKLJKXQFHUWDLQW\(VSHFLDOO\WKH&DSHVL]HPDUNHWVUHVSRQG
SRVLWLYHO\WRWKHEDFNZDUGDWLRQVKRFNLQORZYRODWLOLW\UHJLPHEXWUHVSRQG
QHJDWLYHO\ LQKLJKYRODWLOLW\ UHJLPH)LQDOO\ WKHHVWLPDWHG WLPHYDU\LQJ
YDULDQFHXVLQJUHDOWLPHGDWDKDVDKLJKO\VWDWLVWLFDOO\VLJQL¿FDQWUHODWLRQZLWK
WKHQH[WVTXDUHGHUURUWHUPV
.H\ZRUGVPL[HGUHJLPHPRGHOWHUPVWUXFWXUHRIWLPHFKDUWHUUDWHVWLPH
YDU\LQJYRODWLOLW\
7KHDXWKRUJUHDWO\DSSUHFLDWHV3URI&KDQJ-LQ.LPIRUKLVLQYDOXDEOHHQFRXUDJHPHQWDQGKHOSIXOFRPPHQWVRQWKHWRSLFVRI
WKLVSDSHU$OVRWKHVXJJHVWLRQVRIWKHWKUHHDQRQ\PRXVUHIHUHHVDUHYHU\KHOSIXOIRUWKHLPSURYHPHQWRIWKHSDSHU+RZHYHUWKH
DXWKRULVUHVSRQVLEOHIRUWKHUHPDLQLQJHUURUVRIWKLVSDSHU
6HQLRU5HVHDUFKHURI.RUHD0DULWLPH,QVWLWXWH.RUHD(PDLOYDOLDQFH#NPLUHNU
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I. Introduction 
,W LVZHOONQRZQWKDW WKHUHKDVEHHQDUHPDUNDEOHLQFUHDVHRIYRODWLOLW\LQ
GU\EXONIUHLJKWPDUNHWVLQFHPLG 6HH)LJXUH!(VSHFLDOO\ WKH
UHFHQWJOREDO ILQDQFLDO VKRFNDQG LWVHIIHFW VKRZHG WKDW WKHUHFRXOGEHD
VXGGHQFROODSVHLQRYHUDOOHFRQRPLFDFWLYLW\ZKLFKOHDGWR%',%DOWLF
'U\,QGH[GURSLQDIHZPRQWKV)RUPRVWRILQFXPEHQWVKLSSLQJVXSSOLHUV
WKLVYRODWLOLW\ LVYHU\SDLQIXOPDLQO\EHFDXVH WKHXQDQWLFLSDWHGELJGURSLQ
HDUQLQJVDQGLWVODVWLQJORZOHYHOSXVKWKHPLQWRVLJQL¿FDQWGH¿FLW0RUHRYHU
HYHQWKRXJKSRVVLEOHWKHDQWLFLSDWLRQRIYRODWLOLW\OHDGVWRKLJKULVNSUHPLXP)URP
RWKHUYLHZSRLQWVRI LQYHVWRUV ILQDQFLDO LQWHUPHGLDULHV WKLVYRODWLOLW\ LV
KDUPIXOLQWKHVHQVHWKDWWKHLUDVVHWLVH[SRVHGWRKLJKULVN
7KHUHIRUH GXH WR WKH LPSRUWDQFHRIPDQDJLQJ WKH ULVN IURP WKHKLJK
YRODWLOLW\ WKHUHKDYHEHHQQXPHURXVDWWHPSWV WRPRGHO WKHYDULDQFHRI
HDUQLQJV LQVKLSSLQJPDUNHW1))RUH[DPSOH$OL]DGHKDQG1RPLNRV
PHDVXUHGDGGLWLRQDODV\PPHWULF LPSDFWRQ WKHYRODWLOLW\ LQ WKHGLIIHUHQW
PDUNHWFRQGLWLRQVE\XVLQJDFXELF IXQFWLRQRI WKH VORSHRI WKH IRUZDUG
FXUYHZKLFKZDVFDOFXODWHGE\WKHGLIIHUHQFHEHWZHHQWKH ORJRIVSRWDQG
ORJRI WKUHH\HDUWLPHFKDUWHUHDUQLQJV2)$FFRUGLQJWRWKHLUUHVXOWV WKHUHLV
VWDWLVWLFDOO\VLJQLILFDQWHIIHFWRI WKHVKDSHRI IUHLJKW WHUPVWUXFWXUHRQ WKH
YRODWLOLW\LQPRVWRIWKHFRQVLGHUHGFDVHV
+RZHYHUUHODWLYHO\IHZVWXGLHVKDYHPDGHWRDVVXPHWKDW WKHUHDUHVRPH
GLIIHUHQWUHJLPHVRIYRODWLOLW\LQVKLSSLQJPDUNHWDQGWKHUHJLPHPD\GHSHQG
RQ WKHREVHUYDEOHPDUNHW LQIRUPDWLRQ7KLVSDSHUDLPVWRFKDUDFWHUL]H WKH
EXON IUHLJKWPDUNHWE\PRGHOLQJDPL[HGUHJLPHG\QDPLFV7KURXJK WKLV
DSSURDFKZHZLOOYHULI\HPSLULFDOO\WKHK\SRWKHVLV WKDW WKHUHLVVLJQLILFDQW
HIIHFWRI WLPHFKDUWHUPDUNHWFRQGLWLRQRQWKHYRODWLOLW\RI WKHPDUNHWDVLQ
$OL]DGHKDQG1RPLNRVDQGVKRZWKDW WKHDGMXVWPHQWVSHHGRI\HDUWLPH
FKDUWHUUDWHLQORZYRODWLOLW\UHJLPHLV ODUJHUWKDQLQKLJKYRODWLOLW\UHJLPH
ZKLFKPHDQV WKDW WKHPDUNHWSOD\HUVFRQVLGHU WKHEDFNZDUGDWLRQVKRFN
LQ ORZXQFHUWDLQW\DVPRUH LPSRUWDQW WKDQ LQKLJKXQFHUWDLQW\7KH ODWWHU
6HH.DYXVVDQRV&KHQDQG:DQJ-LQJHWDO$OL]DGHKDQG1RPLNRV
$OL]DGHKDQG1RPLNRV
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¿QGLQJPDNHVWKLVSDSHUGLIIHUHQWIURPWKHSUHYLRXVOLWHUDWXUHZKLFKKDVQRW
FRQVLGHUHGWKHGLIIHUHQWUHJLPHV
7KHRUJDQL]DWLRQRIWKLVSDSHULVDVIROORZV6HFWLRQUHYLHZVWKHUHOHYDQW
OLWHUDWXUHIRFXVLQJRQWKHKHWHURVNHGDVWLFLW\DQGWKHWHUPVWUXFWXUHRIGU\EXON
IUHLJKWPDUNHW6HFWLRQSURSRVHVDQHPSLULFDOPL[HGUHJLPHPRGHOZKRVH
UHJLPHVDUHLQGHSHQGHQWHDFKRWKHUDQGH[SODLQVWKHGDWDVHW6HFWLRQUHSRUWV
WKHHVWLPDWLRQUHVXOWVDQGSURYLGHVLPSOLFDWLRQVDQGGLVFXVVLRQSRLQWV)LQDOO\
VHFWLRQVXPPDUL]HVWKHSDSHUDQGVXJJHVWVVRPHIXWXUHUHVHDUFKWRSLFV
)LJXUH!%DOWLF'U\,QGH[%',
6RXUFH&ODUNVRQ
II. Literature Review
7KLVSDSHUFRQVLGHUVWKHWLPHYDU\LQJYRODWLOLW\PRGHOIRUGU\EXONIUHLJKW
PDUNHW7KLVYDULDELOLW\RIYRODWLOLW\PHDQVWKDW WKHUHLV WLPHYDU\LQJULVN
)DFLQJZLWK WKHKHWHURVNHGDVWLFLW\DQXPEHURISDSHUVDWWHPSW WRPRGHO
WKH VKLSSLQJPDUNHWG\QDPLFVZLWK*$5&+W\SHRQH$PRQJRWKHUV
)RUDUHFHQWWKRURXJKGLVFXVVLRQRQIUHLJKWULVNPDQDJHPHQWDQG))$)RUZDUG)UHLJKW$JUHHPHQWWUDGLQJVHH$OL]DGHKDQG
1RPLNRV
*$5&+*HQHUDOL]HG$XWR5HJUHVVLYH&RQGLWLRQDO+HWHURVNHGDVWLFLW\PRGHOZDVDJHQHUDOYHUVLRQRI$5&+$XWR5HJUHVVLYH
&RQGLWLRQDO+HWHURVNHGDVWLFLW\PRGHO$5&+PRGHOZDVLQWURGXFHGE\(QJOH%ROOHUVOHYSURSRVHG*$5&+PRGHO
DUJXLQJWKDWWKH$5&+PRGHOVFDQEHRYHUSDUDPHWHUL]HG
.DYXVVDQRVXVHG$5&+DQG*$5&+PRGHOVWRLQYHVWLJDWHWKHWLPHYDU\LQJ
YRODWLOLW\ IRUGLIIHUHQWW\SHYHVVHOVDQGGLIIHUHQWSHULRGFRQWUDFWVRIGU\
VKLSSLQJPDUNHWV
0RUH UHFHQWO\ UHVHDUFKHUVKDYHXVHG(*$5&+([SRQHQWLDO*$5&+
PRGHOZKLFKZDVSURSRVHGLQ1HOVRQ8VLQJWKLVPRGHO&KHQDQG:DQJ
IRXQGWKDW WKHGDLO\UHWXUQRI WKUHHGLIIHUHQWPDUNHWVLH&DSH3DQDPD[
DQG+DQG\PD[VKRZHGDVLJQLILFDQWO\QHJDWLYHUHODWLRQLQ WHUPVRIUHWXUQ
DQGYRODWLOLW\DQG WKH OHYHUDJHHIIHFWRQYRODWLOLW\7) LVPRUHVLJQLILFDQW LQ
PDUNHWGRZQZDUGPRYHPHQW WKDQ LQPDUNHWXSZDUGPRYHPHQWXQGHU WKH
VDPHPDJQLWXGHRI LQQRYDWLRQ)XUWKHUPRUH WKH ODUJHUYHVVHOVKDYHPXFK
PRUHOHYHUDJHHIIHFWWKDQVPDOOHUYHVVHOVFRQWHPSRUDQHRXVO\-LQJHWDODOVR
LQYHVWLJDWHG WKHDV\PPHWULF LPSDFWEHWZHHQSDVW LQQRYDWLRQVDQGFXUUHQW
YRODWLOLW\E\XVLQJ(*$5&+PRGHO$OL]DGHKDQG1RPLNRVLQYHVWLJDWHGWKH
HIIHFWRIWKHWHUPVWUXFWXUHRQWKHWLPHYDU\LQJYRODWLOLW\RIEXONDQGWDQNHU
IUHLJKWPDUNHWV(VSHFLDOO\E\ LQVHUWLQJDFXELF IXQFWLRQRI WKHVORSHRI
WHUPVWUXFWXUHLQWRWKHFRQGLWLRQDOYDULDQFHWKH\VKRZHGWKDWWKHIUHLJKWUDWH
YRODWLOLW\LQFUHDVHVLQDEDFNZDUGDWHGPDUNHWDQGGHFUHDVHVZKHQWKHPDUNHW
LVLQFRQWDQJR
5HODWLQJ WR WKH LVVXHRI WHUPVWUXFWXUHRI IUHLJKWPDUNHWZLWKGLIIHUHQW
FRQWUDFWSHULRG WKHUHKDYHEHHQDQXPEHURI UHVHDUFKHV0DQ\RI WKHP
VWXGLHGWKHULVNSUHPLXPZKLFKLPSOLHGE\WKHWHUPVWUXFWXUH.DYXVVDQRV
DQG$OL]DGHK WHVWHG WKH H[SHFWDWLRQVK\SRWKHVLVRI WKH WHUP VWUXFWXUH
(+76E\XVLQJYDULRXVWHVWWHFKQLTXHV2QUHMHFWLQJ(+76WKH\DWWULEXWHG
WKLVIDLOXUH WRVKLSRZQHUV¶SHUFHSWLRQVRI WLPHYDU\LQJULVNUHJDUGLQJWKHLU
GHFLVLRQWRRSHUDWHLQVSRWRUWLPHFKDUWHUPDUNHWV$GODQGDQG&XOOLQDQH
VXJJHVWHGDVLPSOHORJLFDODUJXPHQWEDVHGRQPDULWLPHHFRQRPLFWKHRU\LQ
ZKLFKWKHLQKHUHQWULVNVLQVKLSSLQJPDUNHWDUHVSRWPDUNHWYRODWLOLW\
XWLOL]DWLRQULVNWKHULVNRIWUDQVSRUWVKRUWDJHGHIDXOWULVNOLTXLGLW\
ULVNWHFKQRORJLFDORUUHJXODWRU\REVROHVFHQFH7KH\DOVRDUJXHGWKDWWKHVH
.DUXVVDQRV
1HOVRQ
7KHPHDQLQJRIWKHOHYHUDJHHIIHFWLVWKDWULVNDGYHUVHLQYHVWRUVUHVSRQGPXFKIDVWHUWRQHJDWLYHUHWXUQVWKDQWRSRVLWLYHUHWXUQV
6HH%ODFNSIRURULJLQDOVWDWHPHQWDQG&KHQDQG:DQJS
-LQJHWDO
.DYXVVDQRVDQG$OL]DGHK
$GODQGDQG&XOOLQDQH
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YDULRXVULVNVPDNHWKHH[SHFWDWLRQVK\SRWKHVLVUHMHFWHG+RZHYHU:ULJKW11)
DUJXHGWKDW WKHGLIIHUHQFHEHWZHHQWKHVKRUWSHULRGDQGORQJSHULRGIUHLJKW
UDWHVVKRXOGEHFDUHIXOO\LQWHUSUHWHG7KDWLVVLQFHWKHUHLVWKHSRVVLELOLW\WKDW
WKHPDUNHWVZLWKGLIIHUHQWFRQWUDFWSHULRGDUHVHJPHQWHGE\WKHLGLRV\QFUDWLF
VXSSO\ DQG GHPDQG FKDUDFWHULVWLFV12) WKH WLPHYDU\LQJ ULVN SUHPLXP
PHDVXUHGE\WKHGLIIHUHQFHEHWZHHQWKHVKRUWSHULRGDQGORQJSHULRGIUHLJKW
UDWHVPD\KDYHQRWKHRUHWLFDOVLJQL¿FDQFH
5HFHQWO\$QJHOLGLV DQG6NLDGRSRXORV HYDOXDWHG WKHSHUIRUPDQFHRI
GLIIHUHQWPRGHOV WRGHWHUPLQH9DOXHDW5LVN9D5IRUVKLSSLQJIUHLJKWUDWH
SRVLWLRQV$FFRUGLQJWRWKHUHVXOWVWKH\IRXQGQRVLJQL¿FDQWHYLGHQFHLQIDYRU
RIVRSKLVWLFDWHGPHWKRGVDQGFRQFOXGHGWKDWWKHVLPSOH+LVWRULFDOVLPXODWLRQ
+6RQHLVJRRGHQRXJKWR\LHOGUHODWLYHO\DFFXUDWH9D5HVWLPDWHV
$VVRPHRWKHUDSSURDFKHV WRXQGHUVWDQGLQJWKHVKLSSLQJIUHLJKWPDUNHWV
(QJHOHQHWDOXVHGDPXOWLDJHQWV\VWHPG\QDPLFVPRGHODQG.RHNHEDNNHU
DQG$GODQGFRQVWUXFWHGDFRQWLQXRXVWLPHPRGHOLQ+HDWK-DUURZ0RUWRQ
IUDPHZRUN
III. Empirical Model and Data
7KHFKDQJLQJYRODWLOLW\RIGDWDRYHU WLPHFDQEHPRGHOHGE\YDULRXV
DSSURDFKHVDVGLVFXVVHGLQWKHSUHYLRXVVHFWLRQ+RZHYHUWKLVSDSHUDWWHPSWV
WRFDSWXUH WKHG\QDPLFSURSHUWLHVRIGU\EXON IUHLJKWPDUNHWE\XVLQJD
PL[HGUHJLPHPRGHOZLWKKHWHURVNHGDVWLFLW\
,Q WKHPL[HGUHJLPHPRGHORI WKLVSDSHU WKHUHDUH WZRGLIIHUHQWH[WUHPH
UHJLPHVZLWK ORZDQGKLJKYDULDQFHDQG WKHVWDWHDWDJLYHQ WLPHFDQEH
DPL[WXUHRIGLIIHUHQW UHJLPHV WKHPL[LQJZD\RIZKLFKFDQHYROYH%\
GLYLGLQJWKHDFWXDOVWDWH LQWR WKH ORZYRODWLOLW\DQGKLJKYRODWLOLW\UHJLPHV
ZHFDQFKDUDFWHUL]HWKHPDUNHWGLIIHUHQWO\IURP(*$5&+PRGHODQGWKHQ
:ULJKW
7KLVVHJPHQWDWLRQK\SRWKHVLVLVEDVHGRQWKHFRQFHSWRIVRFDOOHGµSUHIHUUHGKDELWDW¶
$QJHOLGLVDQG6NLDGRSRXORV
(QJHOHQHWDO
.RNHNH%DNNHUDQG$GODQG
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H[WUDFW VRPHXVHIXO LQIRUPDWLRQ7KLVDSSURDFKRIPL[HGUHJLPHVWHPV
IURPVRFDOOHGUHJLPHVZLWFKLQJPRGHO$EULHIKLVWRU\RI WKH OLWHUDWXUHRI
LQGHSHQGHQWUHJLPHVZLWFKLQJPRGHOLVDVIROORZV
4XDQGW17) VKRZHGWKDW WKHUHKDGEHHQYDULRXVNLQGVRIVZLWFKLQJPRGHOV
DQG WKHQSURSRVHGVRFDOOHGȜPHWKRGDVDQDOWHUQDWLYH$FFRUGLQJ WR WKH
ȜPHWKRGZHPD\WKLQNRIQDWXUHFKRRVLQJUHJLPHVDQGZLWKXQNQRZQ
SUREDELOLWLHVȜDQGȜ*ROGIHOGDQG4XDQGWH[SODLQHGȜPHWKRGXQGHUWKH
ODEHOµVWRFKDVWLFFKRLFHRIUHJLPHV¶DQGWKH'PHWKRGXQGHUWKHGHWHUPLQLVWLF
VZLWFKLQJ7KH\VXJJHVWHGWKDW WKHSUREDELOLW\Ȝ LQ WKHȜPHWKRGLWVHOIFDQ
EHDIXQFWLRQRIVRPHRWKHUYDULDEOHDQGWKHUHVXOWLQJSURFHGXUHLVDK\EULG
EHWZHHQ WKH'PHWKRG DQGȜPHWKRG*ROGIHOG DQG4XDQGW FRPSDUHG
WKHSHUIRUPDQFHVRI/6 OHDVW VTXDUHV DQG0/ 0D[LPXP OLNHOLKRRG
HVWLPDWLRQVDQGFRQFOXGHG0/(DSSHDUHGWREHGLVWLQFWO\SUHIHUDEOHSDUWO\
EHFDXVH0/(XVHVVRPHDGGLWLRQDOLQIRUPDWLRQ
)RUWKHPHFKDQLVPWR\LHOGWKHSUREDELOLW\RIWKHVWDWHDW WLPHW*ROGIHOG
DQG4XDQGWXVHGWKHFXPXODWLYHQRUPDOGLVWULEXWLRQIXQFWLRQ+RZHYHUWKLV
SDSHUXVHVDVSHFLILFDWLRQVLPLODUZLWK WKDWRISRI.LPDQG1HOVRQ
7KHVHOHFWLRQRIPRUHDSSURSULDWHPHFKDQLVPWR\LHOGWKHVWDWHSUREDELOLW\
UHPDLQVDVDIXWXUHUHVHDUFKWRSLF
7KH IROORZLQJPL[HGUHJLPH RU UHJLPHVZLWFKLQJPRGHO FDQ EH
FRQVLGHUHG
         
         
         
         
         
         
)RUH[DPSOHZHFDQLQYHVWLJDWHWKHGHWHUPLQDQWVRIWLPHYDU\LQJYRODWLOLW\GLIIHUHQWPDUNHWFKDUDFWHULVWLFVDFURVVGLIIHUHQW
UHJLPHVDQGVRRQ$UDWLRQDOHRIWKLVDSSURDFKFDQEHVXJJHVWHGDVIROORZV)RUWKHFRQYHQLHQFHRISHUFHSWLRQZHRIWHQFRQVLGHU
VRPHH[WUHPHFDVHVRUDQDO\]HDVLWXDWLRQE\DVVXPLQJVWURQJDVVXPSWLRQVDW¿UVW7KHQZHPD\WKLQNWKDWWKHUHDOLW\LVDWDSRLQW
RQWKHVSHFWUXPEHWZHHQWKHH[WUHPHFDVHVRUXQGHUVWDQGWKHUHDOLW\E\UHOD[LQJVRPHDVVXPSWLRQV
4XDQGW
*ROGIHOGDQG4XDQGW
.LPDQG1HOVRQ
$VPHQWLRQHGLQ.LPDQG1HOVRQLIZHNQRZWKHGDWHVRIUHJLPHVZLWFKLQJ
WKHVWDWHJRYHUQLQJYDULDEOH6WEHFRPHVDVLPSOHGXPP\
+RZHYHU DPDMRUSUREOHPHPHUJHVEHFDXVHZHFDQQRWNQRZ LWVGDWH
H[DFWO\)RU WKHSUREOHPZKLFK WKHSDSHUDLPV WR VROYH WKH VWDWHRI WKH
HTXDWLRQVWRPD\EHFRQVLGHUHGDVDZHLJKWHGDYHUDJHVWDWHDQGWKHLU
ZHLJKWVFDQEHFRPHWKHSUREDELOLWLHVDWWKHWLPHRYHUWKHHYROXWLRQSDWK^SW`
.LPDQG1HOVRQVXJJHVWDVROXWLRQWRHVWLPDWLQJWKHYDOXHRISWDVIROORZV
Step 1.)LUVWFRQVLGHUWKHMRLQWGHQVLW\RI\WDQGWKHXQREVHUYHG6WYDULDEOH
ZKLFKLVWKHSURGXFWRIWKHFRQGLWLRQDODQGPDUJLQDOGHQVLWLHV
         
ZKHUH,W1UHIHUVWRLQIRUPDWLRQXSWRWLPHW
Step 2.7KHQWRREWDLQWKHPDUJLQDOGHQVLW\RI\W LQWHJUDWHWKH6WYDULDEOH
RXWRIWKHDERYHMRLQWGHQVLW\E\VXPPLQJRYHUDOOSRVVLEOHYDOXHVRI6W
         
%DVHGRQWKHHTXDWLRQZHFDQFRQVWUXFW WKHORJOLNHOLKRRGIXQFWLRQ
ZKLFKPDNHVLWSRVVLEOHWRHVWLPDWHWKHSDUDPHWHUVE\0D[LPXP/LNHOLKRRG
(VWLPDWLRQ 0/(7KHHTXDWLRQV DQG SRVWXODWH WKDW WKH UHJLPHV
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GHSHQG RQ WKH SUHGHWHUPLQHG YDULDEOHV;ǯW1ZKLFK FDQ LQFOXGH WKH
LQIRUPDWLRQRQWKHWHUPVWUXFWXUHRIWLPHFKDUWHUUDWHVSDVWYRODWLOLW\HWF
:KHQSUDFWLFLQJ0/(IRUWHFKQLFDOUHDVRQRIHVWLPDWLRQZHVHWWKHORZHU
ERXQGIRUWKHORZYDULDQFHıð
7KHFRQVLGHUHGGU\EXONPDUNHWVFDQEHFODVVLILHG LQWR&DSHVL]H
3DQDPD[VL]H+DQG\PD[VL]HPDUNHWVE\WKHVKLSVL]HDQGDOVRFODVVL¿HG
LQWRVSRWPRQWKWLPHFKDUWHU\HDUWLPHFKDUWHU\HDUWLPH
FKDUWHUPDUNHWVE\ WKHFRQWUDFWSHULRG7KHUHIRUH WKH\DUHDOOVHSDUDWH
RQHV7KHH[SODQDWLRQRIGDWD LVVXJJHVWHG LQ7DEOH!7KHSHULRGRI
GDWDLVIURPVW-DQXDU\WRWK0D\%HFDXVHWKHYDULDEOHRISDVW
YRODWLOLW\EHORQJVWRWKHH[SODQDWRU\YDULDEOHDQGLWVFDOFXODWLRQUHTXLUHVRQH
\HDUREVHUYDWLRQV WKHHVWLPDWLRQSHULRGEHFRPHVIURPWK)HEUXDU\
WRWK0D\%DVHGRQWKHPD[LPXPQXPEHURI ODJVRI$OL]DGHKDQG
1RPLNRV21)WKLVSDSHUVHWVWKHODJQXPEHUDVEDVLFDOO\
7DEOH!'DWDH[SODQDWLRQVRIVSRWDQGWLPHFKDUWHUUDWHV
6SRW PRQWK\HDU\HDU
&DSHVL]H EXLOW$YHUDJHVSRWHDUQLQJV GZW%XONFDUULHUWLPHFKDUWHUUDWHV
3DQDPD[VL]H VEXLOW$YHUDJHVSRWHDUQLQJV GZW%XONFDUULHUWLPHFKDUWHUUDWHV
+DQG\PD[VL]H GZW$YHUDJHWULSHDUQLQJV GZW%XONFDUULHUWLPHFKDUWHUUDWHV
1RWH7KHXQLWRIDOOWKHUDWHVLVGD\
6RXUFH&ODUNVRQ
,QDOOPDUNHWVRIGLIIHUHQWVL]H WKHVSRWHDUQLQJ LVDERYH WKDWRI\HDU
RQDYHUDJHDVVKRZQLQ7DEOH!7KLVIDFWPHDQVWKDW LQFRQWUDVW WR WKH
¿QDQFLDOPDUNHW WKHUHLVQHJDWLYHULVNSUHPLXPWRWKHVKLSRZQHULH WKH
OHQGHURIVKLSRQDYHUDJH$OVRLQWKHDVSHFWRIYRODWLOLW\WKHVSRWPDUNHWLV
PRUHYRODWLOHWKDQWKH\HDUWLPHFKDUWHUPDUNHW
6RPHOLWHUDWXUHFRQVLGHUVWKHUHODWLRQVKLSDPRQJWKHP)RUH[DPSOHVHH&KHQHWDO+RZHYHUWKLVSDSHUGRHVQ¶WGHDO
ZLWKWKLVNLQGRIUHODWLRQVKLS7KHVWXG\RQLWUHPDLQVDVIXWXUHUHVHDUFKWRSLF
$OL]DGHKDQG1RPLNRV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7DEOH!'HVFULSWLYHVWDWLVWLFVRIIUHLJKWHDUQLQJVIRUGLIIHUHQWW\SHV
RIYHVVHOVLQWKHGU\PDUNHW
8QLW86GD\
6SRW PRQWK \HDU \HDU
&DSH
PHDQ    
VWDQGDUG
GHYLDWLRQ    
3DQDPD[
PHDQ    
VWDQGDUG
GHYLDWLRQ    
+DQG\PD[
PHDQ    
VWDQGDUG
GHYLDWLRQ    
7KHYDULDEOH UW LVPHDVXUHGE\ WKHSHUFHQWDJHFKDQJH22)GXULQJ WKHXQLW
SHULRGZKLFK LV RQHZHHN LQPRVW RI WKH FDVHV ,W FDQEH VSRW UDWH
PRQWK\HDU RU\HDU WLPHFKDUWHU UDWH UHVSHFWLYHO\7KH
XQFRQGLWLRQDOPHDQDQGVWDQGDUGGHYLDWLRQRI WKH UDWHVRI WKHVHPDUNHWV
DFURVVGLIIHUHQWSHULRGDUHVKRZQ7DEOH!
ZW1 UHSUHVHQWVWKHFRQGLWLRQRIWLPHFKDUWHUPDUNHWV$VZHOOH[SODLQHGLQ
$OL]DGHKDQG1RPLNRVZKHQWKHVKRUWSHULRGUDWHLVDERYHWKHORQJSHULRG
RQHLQEDFNZDUGDWLRQZHFDQWKLQNWKDWWKHPDUNHWLVLQWKHDUHDRILQHODVWLF
VXSSO\FXUYH6R WKHUDWHYDULDWLRQIURPWKHFKDQJHRIGHPDQGZRXOGEH
ODUJHULQEDFNZDUGDWLRQWKDQLQRSSRVLWHFRQGLWLRQLQFRQWDQJR,QRUGHUWR
PHDVXUH WKH WLPHFKDUWHUPDUNHWFRQGLWLRQ WKLVSDSHUXVHV WKHUDWLRRI WKH
GLIIHUHQFHEHWZHHQPRQWKUDWHDQG\HDUUDWHWRPRQWKRQHDWWLPHW
;ǯW1LQFOXGHV=W1DQGWKHSDVWYRODWLOLW\DVLQXVXDO*$5&+W\SHPRGHO
%XWWKHVSHFL¿FPHDVXUHIRUSDVWYRODWLOLW\LVGLIIHUHQWIURP*$5&+W\SH
RQH7KLVSDSHUXVHVWKHUDWLRRIWKHVWDQGDUGGHYLDWLRQLQODVWZHHNVWRWKDW
LQWKHODVWHQWLUHZHHNVDVDSUR[\IRUXQFRQGLWLRQDOSDVWYRODWLOLW\ZKLFKLV
GHQRWHGE\
0DQ\HFRQRPHWULFOLWHUDWXUHVXVHWKHFKDQJHUDWHFDOFXODWHGE\WKHORJGLIIHUHQFH+RZHYHUWKLVSDSHUFDOFXODWHGWKHFKDQJHUDWH
E\WKHUDWLRRIWKHFKDQJHRYHUWKHOHYHOZKLFKLVXVHGPRVWO\LQRXUDFWXDOOLIH,WVUHDVRQLVVLPSO\WKDWWKHSURSRVHGPRGHOFDQ
 SURYLGHDSUDFWLFDOWRROIRUPHDVXULQJDYRODWLOLW\XVHGLQUHDOOLIH
%\GLYLGLQJWKHGLIIHUHQFHE\WKHUDWHOHYHOZHFDQPRUHH[DFWO\PHDVXUHWKHWLPHFKDUWHUPDUNHWFRQGLWLRQ)RUDGLIIHUHQW
PHWKRGZHPD\XVHDORJGLIIHUHQFHRIWKHUHODWHGUDWHV
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7DEOH!8QFRQGLWLRQDOPHDQDQGYRODWLOLW\RIUDWHFKDQJHIRUGLIIHUHQWVL]HVKLSV
 RYHUGLIIHUHQWVDPSOHSHULRGV
6SRW PRQWK \HDU \HDU
&DSHVL]H
)HEWR
-XQH
PHDQ    
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
-XO\WR
$XJ
PHDQ    
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  
6HSWR
)HE
PHDQ    
VWDQGDUGGHYLDWLRQ    
0DUFK
WR0D\
PHDQ    
VWDQGDUGGHYLDWLRQ    
3DQDPD[VL]H
)HEWR
-XQH
PHDQ    
VWDQGDUGGHYLDWLRQ    
-XO\WR
$XJ
PHDQ    
VWDQGDUGGHYLDWLRQ    
6HSWR
)HE
PHDQ    
VWDQGDUGGHYLDWLRQ    
0DUFK
WR0D\
PHDQ    
VWDQGDUGGHYLDWLRQ    
+DQG\PD[VL]H
)HEWR
-XQH
PHDQ    
VWDQGDUGGHYLDWLRQ    
-XO\WR
$XJ
PHDQ    
VWDQGDUGGHYLDWLRQ    
6HSWR
)HE
PHDQ    
VWDQGDUGGHYLDWLRQ    
0DUFK
WR0D\
PHDQ    
VWDQGDUGGHYLDWLRQ    

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IV. Analysis of Empirical Results and Interpretations
)LUVWRIDOODVVKRZQLQ$OL]DGHKDQG1RPLNRVWKHWHUPVWUXFWXUHRI
WLPHFKDUWHUUDWHVHIIHFWVRQWKHYRODWLOLW\LQPRVWRIWKHVDPSOHV7KDWLVWKHUH
LVKLJKO\VWDWLVWLFDOO\VLJQL¿FDQWHIIHFWRIWLPHFKDUWHUPDUNHWFRQGLWLRQRQWKH
YRODWLOLW\RIWKHPDUNHW6HHWKHHVWLPDWHVRIFRHI¿FLHQWDQGLWVWYDOXHRIS
LQ7DEOHVa!DOWKRXJKWKHUHLVRQHH[FHSWLRQDOFDVHRI+DQG\PD[\HDU
EHIRUH-XO\7KHSRVLWLYHVLJQPHDQVWKDWDQLQFUHDVHLQWKHH[WHQWRI
EDFNZDUGDWLRQFRQGLWLRQOHDGVWRPRUHYRODWLOLW\LQWKHVSRWDQGWLPHFKDUWHU
UDWHV)2IFRXUVHWKLVHPSLULFDOHYLGHQFHVXSSRUWVWKHK\SRWKHVLVWKDWWKHUH
LVELPRGDOLW\ LQ WKHVXSSO\FXUYHRIVKLSSLQJIUHLJKWPDUNHWV7KDW LV WKH
VKLSSLQJVHUYLFHVXSSO\FXUYHLVHODVWLFLQH[FHVVRIFDSDFLW\EXWLWLVLQHODVWLF
LQH[FHVVRIGHPDQG+RZHYHU$OL]DGHKDQG1RPLNRVXVHGDFXELF WHUP
EXWWKLVSDSHUXVHVDVLPSOHOLQHDUSUREDELOLW\IXQFWLRQIRUWKHHIIHFWRIWHUP
VWUXFWXUHRQWKHYRODWLOLW\7KXVWKHQRQOLQHDULW\RIWKHUHODWLRQVKLSEHWZHHQ
WKHWHUPVWUXFWXUHDQGPDUNHWYRODWLOLW\LVQHHGHGWREHWHVWHGZKLFKUHPDLQV
DVDIXWXUHUHVHDUFKWRSLF
)LJXUH!%LPRGDOLW\LQVKLSSLQJIUHLJKWPDUNHW
6RXUFH$OL]DGHKDQG1RPLNRV
)RUVLPSOLFLW\ȖVWLVDVVXPHGWREHWKHVDPHEHWZHHQWKHUHJLPHV
%\FRQWUDVW$OL]DGHKDQG1RPLNRVVKRZHGWKDWWKHUHLVQRVWDWLVWLFDOO\VLJQL¿FDQWHIIHFWLQ3DQDPD[VSRWPDUNHW
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6HFRQGO\WKHDGMXVWPHQWVSHHGRI\HDUWLPHFKDUWHUZRXOGEHVRPHZKDW
GLIIHUHQWEHWZHHQWKHORZDQGKLJKYRODWLOLW\UHJLPHV6HHWKHHVWLPDWHVRIȖ
DQGȖ17KDWLVFDVHVRXWRIWKHDGMXVWPHQWVSHHGLQORZYRODWLOLW\UHJLPH
LVODUJHUWKDQLQKLJKYRODWLOLW\UHJLPHZKLFKPHDQVWKDWWKHPDUNHWSOD\HUV
FRQVLGHUWKHEDFNZDUGDWLRQVKRFNLQORZXQFHUWDLQW\DVPRUHLPSRUWDQWWKDQ
LQKLJKXQFHUWDLQW\27)(VSHFLDOO\WKH&DSHVL]HPDUNHWVVKRZWKDWWKH\HDU
WLPHFKDUWHUPDUNHWVUHVSRQGSRVLWLYHO\WRWKHEDFNZDUGDWLRQVKRFNLQORZ
YRODWLOLW\UHJLPHEXWUHVSRQGQHJDWLYHO\LQKLJKYRODWLOLW\UHJLPHDOWKRXJK
WKH VWDWLVWLFDO VLJQLILFDQFH LV ORZ)XUWKHUPRUH WKLV WHQGHQF\EHFRPHV
VWURQJHUVLQFH-XO\7KLVNLQGRILQIRUPDWLRQDERXWEHKDYLRUFKDQJHLQ
WKH\HDUFKDUWHUPDUNHWZRXOGEHKHOSIXOIRU WKHPDUNHWSDUWLFLSDQWVDQG
DOVRLPSOLHVWKDWWKHUHZRXOGKDYHEHHQVRPHVWUXFWXUDOFKDQJHIRUH[DPSOH
LQ WKHGHFLVLRQPDNLQJSURFHVVRIPDUNHWSDUWLFLSDQWV,QWHUHVWLQJO\EHIRUH
-XO\ WKH+DQG\PD[\HDU WLPHFKDUWHUPDUNHWVKRZHGWKHRSSRVLWH
SDWWHUQWRWKDWRI&DSHPDUNHW
7KH DERYH HPSLULFDO ILQGLQJ LV GHULYHG IURP WKH XQLYDULDWH$5S
VSHFL¿FDWLRQ+RZHYHU WKHPHDVXUHIRUDGMXVWPHQWVSHHGLVZHOOH[SODLQHG
LQ WKH IUDPHZRUNRI µFRLQWHJUDWLRQ UHODWLRQVKLS¶ZKLFKPHDQV WKDW WKH
PXOWLYDULDWHVSHFLILFDWLRQLVPRUHDSSURSULDWHLQWKLVNLQGRIUHVHDUFK0RUH
VSHFLILFDOO\9(&09HFWRUDXWRUHJUHVVLYH(UURU&RUUHFWLRQ0RGHOZLWK
PL[HGUHJLPHYRODWLOLW\ZRXOGEHSURGXFWLYHLQXQGHUVWDQGLQJWKHFRQVLGHUHG
PDUNHWVZKLFKDOVRUHPDLQVDVDIXWXUHUHVHDUFKWRSLF
7KLUGO\ LQRUGHUWRFKHFNWKHIRUHFDVWLQJSRZHURIWLPHYDU\LQJYDULDQFH
ZHSHUIRUPDUHJUHVVLRQDQDO\VLVDVIROORZV
         
7KLVLVWKHHIIHFWRIWLPHFKDUWHUPDUNHWFRQGLWLRQRQWKHOHYHORIGHSHQGHQWYDULDEOHVQRWRQLWVYRODWLOLW\
7KLV¿QGLQJLVDQHVVHQWLDOFRQWULEXWLRQRIWKLVSDSHUXVLQJDPL[HGUHJLPHPRGHO
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,QWKHEHORZ7DEOH!WKHQXOOK\SRWKHVLVWKDWĮLVHTXDOWRLVWHVWHG
$OO WKHUHVXOWVVKRZWKDW WKHUH LVDKLJKO\VWDWLVWLFDOO\VLJQLILFDQWUHODWLRQ
EHWZHHQ WKHVTXDUHGHUURU WHUPVDQG WKHHVWLPDWHG WLPHYDU\LQJYDULDQFH
ZKLFKLVHVWLPDWHGRQO\E\XVLQJXSWRWLQIRUPDWLRQ7KDWLVEHFDXVHWKH
GDWDRIUHJUHVVLRQLVUHDOWLPHWKLVZRXOGPDNHXVXVHWKHHVWLPDWHGYDULDQFH
RIWLPHWXVLQJWKHLQIRUPDWLRQXSWRWDVDQLQGLFDWRUIRUWKHYRODWLOLW\RI
WLPHW
7DEOH!5HVXOWVRIWKHUHJUHVVLRQIRUFKHFNLQJWKHH[SODQDWRU\SRZHU
RIHVWLPDWHGWLPHYDU\LQJYDULDQFH
6SRW PRQWK \HDU \HDU
&DSHVL]H *** * *** **
3DQDPD[VL]H *** *** *** ***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 ***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V. Conclusion
7KLVSDSHUDSSOLHVDPL[HGUHJLPHPRGHOWRWKHGU\EXONIUHLJKWPDUNHWV
)URPWKHHPSLULFDOUHVXOWVRIWKLVDSSURDFKZHSURYLGHWKUHHLQWHUSUHWDWLRQV
DVIROORZV)LUVWDQLQFUHDVHLQWKHH[WHQWRIEDFNZDUGDWLRQFRQGLWLRQOHDGV
WRPRUHYRODWLOLW\LQPRVWRIWKHFDVHV6HFRQGZKHQWKHPDUNHW LV LQORZ
YRODWLOLW\UHJLPH WKHDGMXVWPHQWVSHHGRI\HDU WLPHFKDUWHUUDWH LV ODUJHU
WKDQLQKLJKYRODWLOLW\UHJLPHLQFDVHVRXWRI(VSHFLDOO\WKH&DSHVL]H
PDUNHWV UHVSRQGSRVLWLYHO\ WR WKHEDFNZDUGDWLRQVKRFN LQ ORZYRODWLOLW\
UHJLPHEXWUHVSRQGQHJDWLYHO\LQKLJKYRODWLOLW\UHJLPH7KLVVHFRQGHPSLULFDO
LQIRUPDWLRQIURPPL[HGUHJLPHPRGHOPDNHVWKLVSDSHUGLIIHUHQWLDWHGIURP
WKHRQHUHJLPHPRGHOVZKLFKDGRSWHG WLPHYDU\LQJYDULDQFH7KLUG WKH
HVWLPDWHGWLPHYDU\LQJYDULDQFHXVLQJUHDOWLPHGDWDKDVDKLJKO\VWDWLVWLFDOO\
VLJQL¿FDQWUHODWLRQZLWKWKHQH[WVTXDUHGHUURUWHUPV
6RDVDEROGVWDWHPHQWZHFRXOGXVHWKHHVWLPDWHGYDULDQFHRUSUREDELOLW\
,QWKHSURSRVHGPRGHOFRQVLVWLQJRIHTXDWLRQVaWKHWUXHYDOXHRIĮLV
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DVDQLQGLFDWRUIRUWKHQH[WSHULRGYRODWLOLW\EDVHGRQWKHWKLUGUHVXOWV
)RUIXWXUHUHVHDUFK¿UVWO\LWLVQHFHVVDU\WRVSHFLI\WKHPHFKDQLVPWR\LHOG
WKHSUREDELOLW\RI6W EHFDXVH WKLVSDSHUVLPSO\DVVXPHV LWV IXQFWLRQDO
IRUPZLWKRXWDQ\ UDWLRQDOH7KLV LVVXH LV UHODWHG WR WKH µOLQHDULW\¶YHUVXV
µQRQOLQHDULW\¶RI WKH UHODWLRQVKLSEHWZHHQ WKH WHUPVWUXFWXUHDQGPDUNHW
YRODWLOLW\)XUWKHUPRUH WKH OHYHUDJHHIIHFW LVDOVR WREHVSHFLILHGZKLFK
LVQRWGHDOWZLWK LQ WKLVSDSHU6HFRQGO\ZHFDQFRQVLGHUPRGHOLQJ WKH
IUHLJKWPDUNHWZLWKXQREVHUYHGFRPSRQHQWVDSSURDFKZKLFKDOORZVXV WR
GLYLGH WKHREVHUYDEOH WLPHVHULHVGDWD LQWRDVWRFKDVWLF WUHQGDQGF\FOLFDO
SDUW7KLVGHFRPSRVLWLRQWHFKQLTXHKDVEHHQXVHGE\(FRQRPLFVILHOGVVXFK
DV0DFURHFRQRPHWULFV(PSLULFDO)LQDQFHHWF ,H[SHFW WKDW WKLVNLQGRI
PRGHOPD\ZHOOIXQFWLRQLQ6KLSSLQJ(FRQRPLFV7KLUGO\ LQYHVWLJDWLQJWKH
GHSHQGHQFHDPRQJGU\EXONVXEPDUNHWVHJ&DSH3DQDPD[+DQG\PD[
IUHLJKWPDUNHWVLVDOVRDYHU\LPSRUWDQWIXWXUHUHVHDUFKWRSLF)XUWKHUPRUH
WKHVWXG\RQWKHGHPDQGVLGHIRUH[DPSOHLURQRUHFRDOEDX[LWHHWFVKRXOG
EHFRQGXFWHGIRUGHHSHUXQGHUVWDQGLQJRIGU\EXONPDUNHWV)LQDOO\9(&0
9HFWRUDXWRUHJUHVVLYH(UURU&RUUHFWLRQ0RGHOZLWKPL[HGUHJLPHYRODWLOLW\
FRXOGSURGXFHPRUHDFFXUDWHLQIRUPDWLRQRIWKHEXONPDUNHWVWKDWLVGU\DQG
ZHWPDUNHWV*
'DWHRI&RQWULEXWLRQ6HSW
'DWHRI$FFHSWDQFH1RY　
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